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Introduction.
Ammonium tetrafluoroaluminate, NH4AlF4, belongs to the family of perovskite-type layer compounds MAlF4 (M = K, Rb, Tl, NH4) whose structures are closely related to that of the TlAlF4 aristotype (P 4jmmm-Dlh, with Z = 1) [1] [2] [3] [4] [5] [6] . They consist of infinite layers of AlF6 octahedra sharing four atoms, Feq, in the (001) plane. The unshared fluorine atoms, Fax, lie along the c axis. The cavities between layers are occupied by the M + cations (Fig. 1) .
In this series of compounds, NH4AlF4 is of special interest because of the occurrence of an order-disorder phase transition in the vicinity of 150 K [5, 6] . This transition was first observed by means of EPR investigations, but could not be evidenced by X-ray dif- Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01985004603043500 fraction [5] . It was further confirmed by neutron diffraction experiments [6] . essentially related to an order-disorder mechanism arising from the reorientation of the NH' tetrahedra in a rigid AlF6 octahedron layered matrix. Hence, from several aspects, the transition of NH4 AIF4
exhibits similarities with the well-known orderdisorder phase transitions that occur in the ammonium halides. However, a marked difference lies in the fact that NH+4 -NH+4 interactions are tridimensional in the disordered cubic phase of ammonium halides, whereas in NH4AlF4 they can be expected to be essentially bidimensional, due to the strong anisotropy of the layered structure ( Fig. 1) . Raman scattering has been widely used for studying the order-disorder phase transitions of the ammonium halides, and the phonon spectrum, influenced by the disorder of an Ising pseudo-spin variable associated to the NH+ orientation, has been carefully analysed [7] [8] [9] [10] [11] . The (Table II) . The eigenvector, determined by the projection operator method, corresponds to a « rotation » of the AIF6 octahedra about the c axis, [5, 6] , and which corresponds in this phase to a totally symmetric vibration (Table I ). The order-disorder processes occurring in NH4AlF4 can be described by a pseudospin variable u associated with the orientation of the NH4+ group. Its character takes on the value + 1 for symmetry operations that leave its orientation unchanged and -1 for those that inverse this orientation. The pseudo-spin coordinate is related to the occupation probabilities n and n' of the NH' group in its two orientations by :
Hence, a = 0 in the disordered state where n = n' = 2 and Q = ± 1 in the ordered state where either n = 1, (Table IV) [7] [8] [9] [10] [11] .
As it will be discussed in section 4 (Fig. 4) . In figure 5 (Tables I and II) . Indeed, it has a marked tendency to soften as the temperature is increased (Fig. 5 ). (Table III) and then should be also Raman active in the low temperature phase. Clearly this does not hold true for the 145 cm -1 band which disappears at the phase transition to the benefit of the narrow line at 135 cm-1 (Fig. 4) . This spectral evolution, similar to that observed with the ammonium halides [9] [10] [11] , rather suggests that the 145 cm-1 band (which exhibits an asymmetric shape) is entirely due to disorder-induced scattering resembling a density of states of the translational modes of the NH4+ Indeed, it is expected to disappear in the ordered phase and to be replaced by the allowed K = 0 phonon modes [7] [8] [9] [10] [11] . Excluding this particular behaviour of the NH' translational modes and the considerable narrowing of the NH' libration at 250 cm-1 (Fig. 4) Fig. 4 ). (Fig. 3) , is also due to disorder induced scattering. We would expect however a translational mode of the NH1 with B2g symmetry in the ordered phase (Table VI) , which is not seen (2) .
Moreover, the « sub-cell » model predicts the existence of one K = 0 Raman active rotational mode of the NH1 with Eg symmetry in both the ordered and the disordered phases (Table VI) . This too, is in agreement with our assignment of the 250 cm-1 line.
Note however that a contribution of disorder-induced scattering to the broad shoulder at 250 cm-1 in the disordered phase (Fig. 4) [7] [8] [9] [10] [11] and of potassium sulfate [19] . To summarize, the Raman scattering cross-section may be written as the sum of two terms.
The first term P (1) where fl is the critical exponent of the order parameter.
In the disordered Oh cubic phase of the ammonium halides, the development of P (2) for the translational modes of the NH 4 + shows that it corresponds to the off-diagonal components of the Raman tensor, i.e.
to F2g symmetry [10, 11] . The NH4-Fax Dlh «sub-cell » of the NH4AlF4 disordered phase (see Fig. 2) represents a ferrodistortional deformation of the cubic Oh structure of the ammonium halides, from which we easily deduce the correlation scheme [17] The results given in figure 6 show that the general trend observed for the intensity variation of the band at 145 cm-1 (I145 = f (7)) qualitatively agrees with that expected from equations (2) to (4). In the limit of our experimental accuracy, the transition appears to be continuous (second-order) and the transition temperature determined from this curve is Tc = 147 ± 1 K, in accordance with EPR data [5] . The curve observed for the line at 135 cm-1 (113s = f(7J)
is not exactly that predicted by equations (1), (3), (4 (Fig. 6) . The remnant intensity I135 observed above Tc is assigned to the existence of short-range ordering phenomena, due to pretransitional effects of the orderdisorder phase transition when Tc is approached from above [20] . It is noteworthy that such phenomena were also evidenced in the disordered cubic phase of the ammonium halides [21] .
Despite the great caution we took in recording the spectra and stabilizing the temperature, the uncertainty inherent to band decompositions prevents a precise determination of the critical exponent from the curves I = f(T) (Fig. 6) . All [4, 13] . Certainly, the existence of a highly symmetric N-H ... Fax hydrogen-bond system is at the origin of the stabilization of the octahedron layers. A pseudospin variable, taken as the order-parameter of the system, describes the main spectral characteristics of the phase transition. Our estimate of the critical exponent of the order-parameter (/3 N 0.3 to 0.5) is consistent with an essentially three-dimensional character of the order-disorder transition. The onset of this ordering is observed in the disordered phase, just above Tc' Pretransitional effects of another phase transition that should occur at high temperature are also evidenced on the spectra of the AlF6 octahedra.
This fictitious transition would lead to the D14h aristotype structure.
